THE IMPACT OF PORE CONFINEMENT ON SHALE GAS PROPERTIES
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CHAPTER : INTRODUCTION
The Marcellus Shale is an abundant source of natural gas, and according to the U.S. Energy Information Administration, most of the natural gas consumed in the states comes from domestic production. The advances in technology such as hydraulic fracturing and horizontal drilling that uncovered a substantial amount of hydrocarbons accumulated in shale formations have increased the domestic production. Even though advances in technology have proven successful, the characteristics of the rock and the presence of nanoscale pores have created new challenges for the development of the reserves. Understanding the effects that nano pores have on the behavior of hydrocarbons within the shale formation can improve estimation of the gas in place and increase the production efficiency.
Reservoir analysis and prediction has been an integral necessity of the Oil & Gas industry for decades. Understanding reservoir components have allowed for better production efficiency and investment decision making. Conventional methods of modelling hydrocarbon reservoirs have been utilized by reservoir engineers, geologists, and industry professionals for years. With the development of new technology, unconventional resources have brought a wave of growth within the United States.
Shale has taken its place as being the most explored and produced unconventional hydrocarbon reservoir in the modern era of oil & gas. With the advent of an industry overcome with unconventional shale production, its analysis and development of its production techniques, became a significant topic for lots of researchers.
When pore sizes decrease, the flow mechanism of fluids through the pores is changed and no longer follow Darcy's law of fluid flow (Curtis et al., 2010) . Therefore, properties of the gas such as compressibility, and viscosity will be analyzed for different pore sizes. The results of the analysis will then be used to determine the gas in place and measure the gas flow rate in shale formations.
viscosity of gas mixtures
Viscosity is the internal resistance of fluid to flow. For a mixture of gases, the viscosity can be evaluated if the composition as well as the viscosity of each component is available (McCain, 1990 ).
Where, is the viscosity of the gas mixture at atmospheric pressure, is the mole fraction of each component of the gas mixture, is the viscosity of each individual component at atmospheric pressure, and as well as N are the molecular weight and number of components in the gas mixture respectively.
The viscosity of each component of natural gas mixture at a given pressure and temperature can be determined by using a correlation chart (Appendix) that rely on the pseudo reduced values of temperature and pressure (Carr et al., 1954) .
Gas Compressibility factor
Assumptions in the current kinetic theory of gases (McCain, 1990) states that gas molecules which are completely separated from each other have the same average velocity, have the same mass, the interactions among gas particles is negligible, and the molecules are perfectly round and are elastic in nature. Gases following these assumptions, are known as ideal gases.
In realty however, gas particles do interact with each other and only at high temperature and pressure they stay far apart and so their interaction as well as their relative volume are insignificant. Real gases under such conditions are said to behave ideally.
To account for the deviation of gases from there ideal state, a correction factor is used. This correction factor is called gas compressibility factor or Z-factor. The z-factor can be estimated using Standing and Katz chart (appendix) that utilizes the pseudo-reduced temperature and pressure obtained from the pseudo-critical pressure and temperature. The pseudo-critical pressure and temperature may simply be expressed as the summation of the molar critical pressure and temperature of the gas mixture components (McCain, 1990) . Hence:
= ∑ 
Impact of Pore Confinement on the Gas Critical Temperature and Pressure
When defining gases, properties such as pressure and temperature are usually used. Any change in pressure and temperature inside the reservoir will cause a change to the behavior and maybe the phase of the gas. 6
Chapter 3 : Methodology
The objective of this research was to study and understand the effect pore proximity has on the natural gas found in Marcellus shale formation. Mainly its effect on compressibility and viscosity of the gas.
To meet the objective of this study, two different gas compositions from two different areas within the Marcellus (Table 3 -1), were utilized to measure and compare the viscosity as well as the deviation factor of the gas confined within the pores. (Table 3 -2) were used in the evaluation process of gas properties. 
Impact of confinement on compressibility (Z) factor.
The pseudo-critical and pseudo-reduced values of pressure and temperature were calculated using the equations provide in the literature review, and the results were used for estimating the real gas deviation factor from Standing and Katz Z-factor chart (Appendix).
Impact of confinement on viscosity of gas mixtures.
The viscosity of the gas confined in 2, 4, and 5 nanometer pores were calculated using the compositional analysis as well as pseudo-reduced properties of the gas found in the previous section.
The viscosity at one atmospheric pressure and reservoir temperature is determined first using the gas mixture composition equation (2.1), and then, multiplying the result by the viscosity ratio of each component obtained from Carr's diagram (Appendix) of the effect temperature and pressure has on the viscosity of natural gas.
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Chapter 4 Results
Imapct of Pore Confinement on the gas compressibility factor
The z-factor for the two samples of shale used in this study were determined using the compressibility chart mentioned in the literature review. The estimated values of the z-factor for the confined gas in the shale matrix are compared to the unconfined (base) mixture. The plots below show the deviation of z-factor for various reservoir pressures and pore sizes of 2, 4, and 5 nanometers in diameter. The viscosity was measured using the method proposed in the methodology, and the results for the confined gas in 2, 4, and 5 nanometer sized pores were compared to the viscosity of unconfined (base) gas. The following tables (4-1 and 4-2) and Figures 6 and 7 show the percent change due to confinement as well as the deviation of viscosity compared the change in reservoir pressure: % Change in Viscosity (Sample 1) P (psia) 2 nm pore size 4 nm pore size 5 nm pore size 3000 % Change in Viscosity (Sample 2) P (psia) 2 nm pore size 4 nm pore size 5 nm pore size 3000 
Effect of Confinement on Viscosity (Sample 2)
2 nm 4 nm 5 nm base
Chapter 5 Conclusions
In this research three cases of confined pores with pore sizes of 2, 4, and 5 nanometers were used to study the impact they have on the viscosity and compressibility of the gas by comparing the results to the case of unconfined pores.
The results have shown that nanopores impact the viscosity and the compressibility factor of the gas.
The most observed effect occurs when pore sizes are 2 nanometers in diameter, as shown in tables 5-1 and 5-2. A decrease in pore size decreases the viscosity. Change in viscosity impacts flow rate, the higher the viscosity means that hydrocarbons will flow more slowly, therefore, when pores are 2 nanometers in diameter where the viscosity is at its lowest the hydrocarbons will flow much faster. While smaller pores have a positive impact on the viscosity of the gas, it impacts the estimation of original gas in place negatively. A smaller pore size leads to an increase in z-factor and therefore an over estimation of gas reserves. Figure A-2 Effect of temperature and pressure on viscosity of natural gas (Carr et al., 1954) 
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